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(54) Method and apparatus for transmission power control by measuring the signal to 
interference ratio In a CMDA communication system 



(57) The invention provides a technique for meas- 
urement of a signal to interference power ratio wherein 
an SIR can be measured with a higher degree of accu- 
racy without being influenced by a fast fading environ- 
ment or an inter-station interference or noise 
environment. A signal to interference power ratio meas- 
uring apparatus includes a plurality of interference rep- 
lica signal production sections (1-1 to 1-n) for 
performing inverse diffusion processing for input signals 
originating from a received signal, performing tempo- 
rary decision of information symbols regarding the input 
signals, performing diffusion processing again for the 

FIG. 



input signals and outputting resulting signals as interfer- 
ence replica signals, a plurality of subtracters (2-1 to 2- 
n) for subtracting the interference replica signals from 
the received signal, an interference power detection 
section (3) for detecting interference power information, 
a signal power detection section (20) for detecting sig- 
nal power information, and a signal to interference 
power ratio calculation section (62) for calculating signal 
to interference power ratios from the interference power 
information and the signal power information. 
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Descriptf n 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a signal to interference 
power ratio measuring apparatus and a signal to inter- 
ference power ratio measuring method as well as a 
transmission power controlling method under a CDMA 
communication system suitable for use to effect trans- 
mission power control of, for example, a mobile radio 
communication apparatus, particularly a mobile radio 
communication apparatus, which adopts CDMA (Code 
Division Multiple Access) which employs a multiple 
access method. 

2. Description of the Related Art 

In recent years, attention is paid to, from among 
transmission systems for use for radio communication, 
a code division multiple access (CDMA) system which 
is a multiple access system which makes use of a 
spread spectrum and exhibits a high frequency utiliza- 
tion efficiency. Particularly, in cellular DS/CDMA (Direct 
Sequence/Code Division Multiple Access) mobile com- 
munication, in order to increase the subscriber capacity 
while maintaining a required line quality, transmission 
power control which solves the remote/near problem is 
an important technique. 

FIG. 9 shows a radio communication system to 
which an ordinary DS/CDMA communication system is 
applied. Referring to FIG. 9, the radio communication 
system 100 shown includes a base station 101 and a 
plurality of ""terminal stations (mobile stations) 102-1 to 
102-n (n is a natural number equal to or greater than 2) 
so that information such as speech or data is transmit- 
ted from the single base station 101 to the plurality of 
terminal stations 102-1 to 102-n or vice versa. 

More particularly, since the CDMA system multi- 
plexes information using codes in order to transmit the 
information from the base station 101 to the plurality of 
terminal stations 102-1 to 102-n in FIG. 9, signals des- 
tined for all of the terminal stations 102-1 to 102-n can 
be transmitted at the same time with the same fre- 
quency. 

One of methods for realizing the transmission 
power control described above in the radio communica- 
tion system shown in FIG. 9 is closed loop transmission 
power control wherein signal to interference power 
ratios (SIRs) of received signals from the terminal sta- 
tions 102-1 to 102-n are measured by the base station 
101 and the transmission powers of the terminal sta- 
tions 102-1 to 102-n are controlled so that the values 
thereof may be kept fixed. 

Generally, as a signal to interference power ratio 
measuring method, a method is known wherein an aver- 
ag received power after RAKE composition (delayed 



wave composition) is regarded as a received power (S) 
and a diffusion of the received power is calculated as an 
interference power (I). It is to be noted that the RAKE 
composition mentioned above is performed for delayed 

5 waves as a plurality of received waves having different 
delay times after they are synchronized with one 
another and then inverse diffusion processing and 
transmission line channel estimation processing are 
performed. 

w FIG. 10 shows an SIR measuring apparatus which 
measures a signal to interference power ratio (SIR) 
using the technique described above. Referring to FIG. 
10, the SIR measuring apparatus 80 shown includes a 
quadrant detection section 80A, a vector mean caicula- 
15 tion section 80B, a square calculation section 80C, a 
mean square calculation section 80D, a subtraction sec- 
tion 80E, and an SIR calculation section 80F. 

The quadrant detection section 80A detects a 
quadrant of a received signal vector after RAKE compo- 
se sition. In particular, the quadrant detection section 80 A 
effects degeneracy of the received signal vector to a 
single quadrant by calculating absolute values of an in- 
phase component and an orthogonal component of the 
received signal vector individually and so forth. 
25 The vector mean calculation section 80B calculates 
a vector mean of an output of the quadrant detection 
section 80A, and the square calculation section 80C 
calculates a received power (S) from the vector mean 
value from the vector mean calculation section 80B. The 
30 calculated received value (S) is outputted to the SIR cal- 
culation section 80F which is described below. 

The mean square calculation section 80D calcu- 
lates a mean square of the received signal after FAKE 
composition inputted thereto. The subtraction section 

6 80E subtracts an output of the square calculation sec- 
tion 80C from an output of the mean square calculation 
section 80D to calculate a diffusion of the received sig- 
nal. An output of the subtraction section 80E is used as 
an interference power (I). 

40 The SIR calculation section 80F calculates an SIR 
(S/t ratio) based on an output (S: received power) of the 
square calculation section 80C and an output (I: inter- 
ference power) of the subtraction section 80E. in this 
manner, in the SIR measuring apparatus 80 shown in 

45 FIG. 10, an SIR is calculated using a mean value of a 
received signal vector after RAKE composition calcu- 
lated by the vector mean calculation section 80B for 
both of a received power and an interference power. 
With the SIR measuring technique described 

so above, however, the SI R measurement accuracy some- 
times exhibits a deterioration under a fast fading envi- 
ronment or under an inter-station interference and noise 
environment. Therefore, the SIR measurement tech- 
nique has a subject to be solved in that, where transmis- 

55 sion power control is performed based on an SIR 
measured under such a circumstance as just d scribed, 
such deterioration of the SIR measurement accuracy 
resultantly has an influence also upon the accuracy in 



BNSDOC1D: <EP OB63618A2 I > 



BNS Daoe 2 



3 



EP0 863 618 A2 



4 



transmission power control itself. 

One of causes which deteriorate the accuracy in 
SIR measurement resides in that a mean value of a 
received signal vector is used for both of a received 
power (S) and an interference power (I). The received 
signal power is unstable because it is varied by a large 
amount by noise or by an estimation accuracy degree of 
a transmission line channel. Therefore, in order to 
assure a high degree of accuracy, it is necessary to cal- 
culate a mean value over a long period. 

Further, since also use of a value in a data symbol 
interval in which the transmission line channel is not set- 
tled results in deterioration in accuracy, such a contriv- 
ance as to estimate a transmission line channel with a 
high degree of accuracy and to use, in order to assure a 
high degree of accuracy in SIR measurement only a 
value within a pilot symbol interval is required. 

Generally, a pilot symbol is arranged at a leading 
end and a trailing end of a slot across a plurality of data 
symbols, and in order to estimate a transmission line 
channel with a high degree of accuracy, a plurality of 
pilot symbols are used. 

Accordingly, also in this instance, measurement of 
an SIR must be performed over a long interval (many 
slots) including at least two pilot symbol intervals 
between which a plurality of data symbols are held, and 
this is not suitable for an application in a fast fading env> 
ronment. As a result, also a delay not only in SIR meas- 
urement but also in transmission power control is 
increased, and by such delay in transmission power 
control, the control error is increased and also the 
reception characteristic is deteriorated considerably. 

Meanwhile, in the DS/CDMA communication sys- 
tem described above, also an application of an interfer- 
ence canceller which reduces interference from another 
user, which arises from a cross-correlation between dif- 
fusion codes, is an important technique. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
signal to interference power ratio measuring apparatus 
and a signal to interference radio measuring method 
wherein a signal produced by an interference canceller 
is utilized so that an SIR can be measured with a higher 
degree of accuracy without being influenced by a fast 
fading environment or an inter-station interference or 
noise environment. 

It is another object of the present invention to pro- 
vide a transmission power controlling method under a 
CDMA communication system which can effect trans- 
mission power control with a high degree of accuracy 
even in a fast fading environment or an inter-station 
interference or noise environment. 

In order to attain the object described above, 
according to an aspect of the present invention, ther is 
provided a signal to interference power ratio measuring 
apparatus for an apparatus which processes a received 



signal received based on a CDMA communication sys- 
tem, comprising a plurality of interference replica signal 
production sections for performing inverse diffusion 
processing for input signals originating from the 

5 received signal, performing temporary decision of infor- 
mation symbols regarding the input signals, performing 
diffusion processing again for the input signals after the 
temporary decision and outputting resulting signals of 
the diffusion processing as interference replica signals, 

10 a plurality of subtractors for subtracting the interference 
replica signals produced by the interference replica sig- 
nal production sections from the received signal, an 
interference power detection section for detecting inter- 
ference power information from outputs of the subtrac- 

is tors, a signal power detection section for detecting 
signal power information based on the signals which 
originate from the received signal and for which the 
inverse diffusion processing has been performed, and a 
signal to interference power ratio calculation section for 

bo calculating signal to interference power ratios from the 
interference power information detected by the interfer- 
ence power detection section and the signal power 
information detected by the signal power detection sec- 
tion. 

6 With the signal to interference power ratio measur- 
ing apparatus, since interference power information is 
detected based on signals obtained by subtracting, from 
a received signal, interference replica signals produced 
by an interference canceller for removing interference 

30 between diffusion codes while signal power information 
is detected based on signals obtained by performing 
inverse diffusion processing for signals originating from 
the received signal and consequently the interference 
power information and the signal power information can 

35 be detected separately from each other, there is an 
advantage that the accuracy in measurement of an SIR 
can be improved. 

The signal to interference power ratio measuring 
apparatus may be constructed such that the signal 

40 power detection section detects signal power informa- 
tion based on signals which are obtained in an interme- 
diate processing stage of the interference replica signal 
production sections and for which inverse diffusion 
processing has been performed. 

45 With the signal to interference power ratio measur- 
ing apparatus, since signal power information can be 
detected based on signals, for which inverse diffusion 
processing has been performed, obtained in an inter- 
mediate processing stage of the interference replica 

so signal production section, even if a data symbol interval 
is used for SIR measurement, a significant deterioration 
in accuracy does not occur, and even in a fast fading 
environment, a high degree of accuracy in measure- 
ment of an SIR can be maintained. Accordingly, SIR 

55 measurement can be performed with a reduced amount 
of delay, and as a result, the transmission power control 
can follow up such a fast fading environment as 
described abov . 
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As an alternative, the signal to interference power 
ratio measuring apparatus may be constructed such 
that the signal power detection section detects signal 
power information based on signals obtained by inverse 
diffusion processing for the outputs of the subtracters. 5 

With the signal to interference power ratio measur- 
ing apparatus, since signal power information and inter- 
ference power information can be separated with 
certainty from a received signal by repeating processing 
of detecting signals of a!) users from the received signal 10 
and subtracting ail of the thus produced interference 
replica signals from the received signal, the SIR meas- 
urement accuracy can be improved remarkably, and 
consequently, the accuracy in transmission power con- 
trol for the mobile stations can be improved remarkably, is 

According to another aspect of the present inven- 
tion, there is provided a signal to interference power 
ratio measuring apparatus for a base station which 
processes a received signal received based on a CDMA 
communication system, comprising a plurality of inter- 20 
ference replica signal production sections provided in 
tandem for performing inverse diffusion processing for 
input signals originating from the received signal, per- 
forming temporary decision of information symbols 
regarding the input signals, performing diffusion 25 
processing again for the input signals after the tempo- 
rary decision and outputting resulting signals of the dif- 
fusion processing as interference replica signals, a 
plurality of subtracters each provided on the output side 
of a corresponding one of the interference replica signal 30 
production sections for subtracting the interference rep- 
lica signals produced by the interference replica signal 
production sections from the received signal for which 
delaying processing has been performed, an interfer- 
ence power detection section for detecting interference 35 
power information from outputs of the subtracters, a sig- 
nal power detection section for detecting signal power 
information based on signals which are obtained in an 
intermediate processing stage of an arbitrary one of the 
interference replica signal production sections and for 40 
which the inverse diffusion processing has been per- 
formed, and a signal to interference power ratio calcula- 
tion section for calculating signal to interference power 
ratios from the interference power information detected 
by the interference power detection section and the sig- 45 
nal power information detected by the signal power 
detection section. 

With the signal to interference power ratio measur- 
ing apparatus, since interference power information is 
detected based on signals obtained by subtracting, from so 
a received signal, interference replica signals produced 
by an interference canceller for removing interference 
between diffusion codes while signal power information 
is detected based on signals obtained by performing 
inverse diffusion processing for signals originating from 55 
the received signal and consequently the interference 
power information and the signal pow r information can 
be detected separately from ach other, there is an 



advantage that the accuracy in measurement of an SIR 
can be improved. 

According to a further aspect of the present inven- 
tion, there is provided a signal to interference power 
ratio measuring apparatus for a base station which 
processes a received signal received based on a CDMA 
communication system, comprising a plurality of inter- 
ference replica signal production sections provided in 
tandem for performing inverse diffusion processing for 
input signals originating from the received signal, per- 
forming temporary decision of information symbols 
regarding the input signals, performing diffusion 
processing again for the input signals after the tempo- 
rary decision and outputting resulting signals of the dif- 
fusion processing as interference replica signals, a 
plurality of subtracters each provided on the output side 
of a corresponding one of the interference replica signal 
production sections for subtracting the interference rep- 
lica signals produced by the interference replica signal 
production sections from the received signal for which 
delaying processing has been performed, a reception 
section for receiving an output of one of the subtracters 
in the last stage as an input signal thereto and perform- 
ing inverse diffusion processing for the input signal, an 
interference power detection section for detecting inter- 
ference power information from the output of the one of 
the subtracters in the last stage, a signal power detec- 
tion section for detecting signal power information 
based on the signal obtained by the reception section, 
and a signal to interference power ratio calculation sec- 
tion for calculating signal to interference power ratios 
from the interference power information detected by the 
interference power detection section and the signal 
power information detected by the signal power detec- 
tion section. 

With the signal to interference power ratio measur- 
ing apparatus, since signal power information and inter- 
ference power information can be separated with 
certainty from a received signal by repeating processing 
of detecting signals of all users from the received signal 
and subtracting all of the thus produced interference 
replica signals from the received signal, the SIR meas- 
urement accuracy can be improved remarkably, and 
consequently, the accuracy in transmission power con- 
trol for the mobile stations can be improved remarkably. 

According to a still further aspect of the present 
invention, there is provided a signal to interference 
power ratio measuring method for an apparatus which 
processes a received signal received based on a CDMA 
communication system, comprising the steps of detect- 
ing interference power information based on signals 
obtained by subtracting, from the received signal, inter- 
ference replica signals produced by an interference 
canceller for removing interference between diffusion 
codes, detecting signal power information based on sig- 
nals obtained by performing invers diffusion process- 
ing for signals originating from th received signal, and 
calculating signal to interference power ratios from the 
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interference power information and the signal power 
information. 

With the signal to interference power ratio measur- 
ing method, since interference power information is 
detected based on signals obtained by subtracting, from 5 
a received signal, interference repiica signals produced 
by an interference canceller for removing interference 
between diffusion codes while signal power information 
is detected based on signals obtained by performing 
inverse diffusion processing for signals originating from to 
the received signal and consequently the interference 
power information and the signal power information can 
be detected separately from each other, there is an 
advantage that the accuracy in measurement of an SIR 
can be improved. is 

According to a yet further aspect of the present 
invention, there is provided a transmission power con- 
trolling method for a CDMA communication system 
used for communication between a base station and a 
plurality of mobile stations, comprising the steps per- 20 
formed by the base station of detecting interference 
power information based on signals obtained by sub- 
tracting, from a received signal received by the base 
station, interference replica signals produced by an 
interference canceller for removing interference zs 
between diffusion codes, detecting signal power infor- 
mation based on signals obtained by performing inverse 
diffusion processing for signals originating from the 
received signal, calculating signal to interference power 
ratios from the interference power information and the 30 
signal power information, and controlling transmission 
powers of the base stations so that the signal to interfer- 
ence power ratios may have a predetermined value. 

With the transmission power controlling method tor 
a CDMA communication system, since the accuracy of 35 
SIB values is improved by calculating the SIR values 
from interference power information and signal power 
information obtained from outputs of the interference 
canceller, there is an advantage that the transmission 
powers of the mobile stations can be controlled using 40 
the SIR values and, also in a noise environment or an 
inter-station interference condition when a large number 
of users communicate at a time, improvement in trans- 
mission power control characteristic can be achieved 
while maintaining a necessary line quality. as 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
the accompanying drawings in which like parts or ele- 
ments are denoted by like reference characters. so 

PPIEF DESCRIPTI ON O P THE DRAWI N G S 

FIG. 1 is a block diagram showing a construction of 
a radio communication system to which a signal to ss 
interference power ratio measuring apparatus 
according to a first preferred embodiment of the 
present invention is applied: 



FIG. 2 is a block diagram showing an interference 
canceller and a signal to interference power ratio 
calculation section of the signal to interference 
power ratio measuring apparatus of the first 
embodiment of the present invention; 
FIG. 3 is a block diagram showing an internal con- 
struction of an interference replica signal produc- 
tion section of the interference canceller shown in 
FIG. 2; 

FIG. 4 is a diagram illustrating a concrete example 
of various elements used in a simulation performed 
by the signal to interference power ratio measuring 
apparatus shown in FIG. 1 ; 
FIG. 5 is a diagram illustrating an example of simu- 
lation performed by the signal to interference power 
ratio measuring apparatus shown in FIG. 1; 
FIG. 6 is a block diagram showing an interference 
canceller and a signal to interference power ratio 
calculation section of a signal to interference power 
ratio measuring apparatus according to a second 
preferred enrtbodiment of the present invention; 
FIG. 7 is a block diagram showing a construction of 
an interference replica signal production section of 
the signal to interference power ratio measuring 
apparatus according to the second embodiment of 
the present invention; 

FIG. 8 is a block diagram showing an internal con- 
struction of a reception section of the signal to inter- 
ference power ratio measuring apparatus according 
to the second embodiment of the present invention; 
FIG. 9 is a schematic illustration showing a radio 
communication system to which an ordinary 
DS/CDMA communication system is applied; and 
FIG. 10 is a block diagram showing a construction 
of an SIR measuring apparatus which measures a 
signal to interference power ratio using a signal 
after RAKE composition. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

a. First Embodiment of the Invention 

Referring f irst to FIG. 1 , there is shown in block dia- 
gram a construction of a radio communication system to 
which a signal to interference power ratio measuring 
apparatus according to a first preferred embodiment of 
the present invention is applied. The radio communica- 
tion system 110 shown applies a DS/CDMA communi- 
cation system and includes a mobile station 50 provided 
for each user and a base station 60 which can accom- 
modate a plurality of such mobile stations 50 through 
radio lines. 

The base station 60 includes an interference can- 
celler 61 and an SIR calculation section 62 which form 
the signal to interfer nee power ratio measuring appara- 
tus 120 according to the first embodiment The base 
station 60 further includes a decod r 63, a transmission 
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frame production section 64 and a comparison circuit 
65. 

Trie interference canceller 61 has a function of 
removing interference between diffusion codes which 
arises when mobile stations are out of synchronism with 
each other and another function of measuring interfer- 
ence powers (I) and received powers (S) which will be 
hereinafter descrfoed. 

The SIB calculation section (signal to interference 
power ratio calculation section) 62 calculates signal to 
interference power ratios (SIR) from interference pow- 
ers and received powers calculated by the interference 
canceller 61 described above. Meanwhile, the decoder 
63 decodes a signal which has been processed by the 
interference canceller 61 . It is to be noted that the inter- 
ference canceller 61, SIR calculation section 62 and 
decoder 63 form a reception section 6B which receives 
signals from the mobile stations 50. 

The comparison circuit 65 compares an SIR value 
of each user measured by the SIR calculation section 
62 with an aimed SIR value set in advance and outputs 
a result of the comparison as a transmission power con- 
trol bit (TPC bit). 

The transmission frame production section 64 
inserts the TPC bit from the comparison circuit 65 into a 
slot of a transmission frame for each user to produce a 
transmission frame for the user, and the transmission 
frames thus produced are transmitted from the base 
station 60 to the mobile stations 50 (individual users). It 
is to be noted that the transmission frame production 
section 64 and comparison circuit 65 form a transmis- 
sion section 6A which transmits signals from the base 
station 60 to the mobile stations 50. 

Each of the mobile stations (terminal stations) 50 
includes a- modulator 51, a transmission amplifier 52, a 
decoder 53 and a RAKE demodulation section 54. The 
modulator 51 performs modulation processing for data 
in the mobile station 50. The transmission amplifier 52 
amplifies and outputs an output of the modulator 51 to 
the base station 60 and is adjusted by the RAKE 
demodulation section 54 described below. It is to be 
noted that the modulator 51 and transmission amplifier 
52 form a transmission section 5A which transmits a 
signal from the mobile station 50 to the base station 60. 

The RAKE demodulation section 54 receives a 
transmission frame outputted from the base station 60 
as a reception frame and decodes a TPC bit included in 
the reception frame, and adjusts amplification process- 
ing of a signal by the transmission amplifier 52 based on 
the decoded TPC bit. 

The decoder 53 decodes a signal from the RAKE 
demodulation section 54. It is to be noted that the 
decoder 53 and RAKE demodulation section 54 con- 
struct a reception section 5B. 

In this manner, the radio communication system 
1 10 performs transmission pow r control using SIR val- 
ues obtained based on output values (interference pow- 
ers (!) and received powers (S)) of the interference 



canceller 61. 

In the radio communication system 110 shown in 
FIG. 1 and having the construction described above, 
SIR values of the individual users measured by the 

5 interference canceller 61 are compared with an aimed 
SIR value by the comparison circuit 65, and results of 
the comparison are inserted as transmission power bits 
(TPC bits) into slots of transmission frames for the indi- 
vidual users and transmitted from the base station 60 to 

10 the mobile stations 50. 

Then, in each of the mobile stations 50 disposed for 
the individual users, a transmission frame from the base 
station 60 is received as a received frame and a TPC bit 
included in the received frame is decoded by the RAKE 

is demodulation section 54, and a result of the decoding is 
outputted to the transmission amplifier 52. The trans- 
mission amplifier 52 adjusts the output thereof in 
response to the TPC bit from the RAKE demodulation 
section 54. 

20 In particular, a transmission signal from the modu- 
lator 51 is amplified with a desired amplification factor 
and transmitted to the base station 60. Consequently, 
received SIR values of all of the users can be controlled 
from the base station 60 side so that they may be equal 

25 to the aimed SIR value, and a required line quality is 
maintained. 

FIG. 2 shows in block diagram the interference can- 
celler 61 and the SIR calculation section 62 which form 
the signal to interference power ratio measuring appara- 

30 tus 120 according to the first embodiment Referring to 
FIG. 2, the interference canceller 61 shown includes 
interference replica production units 1-1 to 1-n, subtrac- 
ters 2-1 to 2-n, an interference power measurement 
section 3, a receiver 4, and delay circuits 5-1 to 5-n. 

$5 The interference replica production unit H sub- 
tractor 2-i and delay circuit 5-i (i = natural number from 
1 to n) construct an ith stage calculation unit, and con- 
sequently, totalling n stage calculation units are con- 
structed while a last stage calculation unit is 

40 constructed from the receiver 4. It is to be noted that, in 
FIG. 2, the interference replica production units 1-3 to 1- 
n, subtracters 2-3 to 2-n and delay circuits 5-3 to 5-n are 
omitted for simplified illustration. 

The interference replica production unit (interfer- 

45 ence replica signal production section) 1 -i first performs 
inverse diffusion processing for an input signal originat- 
ing from a received signal and then performs temporary 
decision of an information symbol from the input signal, 
whereafter it performs diffusion processing again and 

so outputs a result of the diffusion processing as interfer- 
ence replica signals. Such interference replica produc- 
tion units 1-1 to 1-n are provided in tandem. 

In particular, adjacent ones of the interference rep- 
lica production units 1-i (Mth and ith stage interference 

55 replica production units) are connected to each other so 
as to form a multi-stage type interference canceller. Fur- 
ther, symbol replica signals are outputted from each of 
the interference replica production units 1-i (except 
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interference replica production unit 1 -n) to a next stage 
interference replica production unit 1-0+1). and symbol 
replica signals from the interference replica production 
unit 1 -n are outputted to the receiver 4. 

It is to be noted that each of the interference replica 
production units 1 -i has a number of units (ICU users) 1 - 

1 -1 to 1 -1 -n 1 -n-1 to 1 -n-n (hereinafter referred to as 

1-1 -i 1-n-i) equal to the number of users (number of 

mobile stations 50) which can be accommodated in the 
base station 60. The interference replica signals output- 
ted from each interference replica production unit 1-i 
represent a sum total of interference replica signals 
from the units corresponding to the individual users. A 
detailed construction of the interference replica produc- 
tion units 1-i is hereinafter described in detail with refer- 
ence to FIG. 3. 

The subtracter 2-i subtracts interference replica sig- 
nals produced by the interference replica production 
unit 1-i from an original received signal. More particu- 
larly, the subtracter 2-i subtracts interference replica sig- 
nals from the interference replica production unit 1-i 
from an output of the delay circuit 5-i which will be here* 
inafter described, and is provided on the output side of 
the interference replica production unit 1-i. An output of 
the subtracter 2-i is outputted as a residual signal (sig- 
nal originating from a received signal) to a next stage. 

The interference power measurement section 
(interference power detection section) 3 detects interfer- 
ence powers (I) from an output of the subtracter 2-i. In 
the first embodiment, the interference power measure- 
ment section 3 detects interference powers (1) from a 
residual signal outputted from the second stage sub- 
tractor 2-2. The interference powers (I) are outputted to 
the SIR calculation section 62. 

The receiver (reception section) 4 receives, as input 
signals thereto, outputs of the subtracter 2-n provided 
on the output side of the nth stage (last stage) interfer- 
ence replica production unit 1-n and performs inverse 
diffusion processing for the input signals. More particu- 
larly, the receiver 4 performs Vrterbi decoding of the 
input signals using a signal after RAKE composition. 
Further, the receiver 4 is provided as the last stage of 
the interference canceller 61 as described above, and 
also the receiver 4 includes a number of reception units 
(Rec users) 4-1 to 4-n equal to the number of the users. 

The delay circuit (Delay) 5-i delays an input signal 
thereto originating from a received signal by a predeter- 
mined time and has an output connected to the subtrac- 
ter 2-i described above. The subtracter 2-i thus 
subtracts the delay signal from an interference replica 
signal as described above. 

In short, a residual signal from the subtracter 2-i is 
a difference of all signal components of all of the users 
from a received signal and corresponds to an interfer- 
ence component signal. 

Here, a construction of the units 1-1-i, 1-n-i for 
the individual users shown in FIG. 2 is described in 
detail below in connection with the unit 1-2-i. In particu- 



lar, the unit 1 -2-i includes, tor example, as shown in FIG. 
3, an inverse diffusion processing section 10, an adder 
11, a channel estimation circuit 12, a multiplier 13. a 
RAKE composition section 14, a hard decision circuit 
5 1 5, another multiplier 1 6, a subtracter 1 7, a re-diffusion 
processing section 18, a signal composition section 19 
and a received power measurement section 20. 

ft is to be noted that processing of the inverse diffu- 
sion processing section 10, adder 11, channel estima- 
te) tion circuit 12 and multiplier 13 and processing of the 
multiplier 16, subtracter 17 and re-diffusion processing 
section 18 mentioned above are performed for a plural- 
ity of delayed waves, and to this end, a number of ele- 
ments equal to the number of delayed waves are 
is provided for each of the components (in FIG. 3, 3 units 
corresponding to three delayed waves are individually 
provided). The number of such units to be installed can 
be suitably varied in accordance with requirements for 
measurement 

20 Further, while the interference replica production 
unit 1-i shown in FIG. 3 indicates one of the units 1-2-1 
to 1-2-n for a plurality of users provided in the second 
stage interference replica production unit 1-2, for simpli- 
fied description, the following detailed description is 

25 given of the interference replica production unit 1-2 as 
such interference replica production unit 1-i. 

Each of the inverse diffusion processing sections 
10 performs inverse diffusion processing for an input 
signal originating from a received signal. Particularly, 

30 the inverse diffusion processing section 10 performs 
inverse diffusion processing for a signal (residual signal) 
outputted from the first stage interference replica pro- 
duction unit 1-1 and received through the subtracter 2- 
1 . In this instance, the inverse diffusion processing sec- 

35 tion 1 0 converts the received residual signal into a sym- 
bol rate. 

Each adder 1 1 adds a signal obtained by inverse 
diffusion processing by the corresponding inverse diffu- 
sion processing section 10 and a signal (symbol replica 

4o signal) outputted from the interference replica produc- 
tion unit 1-1 in the preceding stage. 

Each channel estimation circuit 12 estimates a 
transmission line channel using a pilot symbol of a sig- 
nal inputted thereto. Particularly, the channel estimation 

45 circuit 12 performs such estimation using only a pilot 
symbol at a leading end of a slot. Consequently, the first 
and second stage units 1-1-i and 1-2-i yield a process- 
ing delay of only several symbols, and the processing 
delay until an SIR is measured can be minimized. 

so ft is possible otherwise to perform transmission line 
channel estimation with a higher degree of accuracy 
using a pilot symbol at a trailing end of the slot in the 
third and following stages so that characteristic deterio- 
ration of the interference canceller 61 itself may be sup- 

55 pressed. 

Each multiplier 13 multiplies an output of the corre- 
sponding adder 1 1 by a complex conjugate of an esti- 
mated channel valu from the corresponding channel 
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estimation circuit 12. 

Th RAKE composition section 14 performs maxi- 
mum ratio composition (composition processing by 
which a maximum SIR is obtained) from delayed wave 
outputs of the multipliers 13 described above. The hard s 
decision circuit 15 performs temporary decision of an 
information symbol. More particularly, the hard decision 
circuit 15 decides rough positions of signals of the inter- 
ference replica production unit 1-2 based on a signal 
obtained by maximum ratio composition by the RAKE w 
composition section 14. 

The received power measurement section (signal 
power detection section) 20 detects received powers 
(S) based on a signal obtained by performing inverse 
diffusion processing for signals originating from a is 
received signal. More particularly, the received power 
measurement section 20 detects received powers (S) 
based on an inverse diffusion processed signal 
obtained in an intermediate processing stage (in the 
first embodiment, in the second stage) of an arbitrary 20 
one of the interference replica production units 1-i. The 
received powers (S) thus detected are outputted to the 
SIR calculation section 62. 

In short, since received powers (S) detected by the 
received power measurement section 20 and interfer- 25 
ence powers (I) detected by the interference power 
measurement section 3 described above can be 
detected separately from each other, SIR values can be 
calculated with a high degree of accuracy by the SIR 
calculation section 62. m 

It is to be noted that each of the received powers (S) 
described above are detected by calculating a square 
mean of an output of the RAKE composition section 14 
so that a significant deterioration in accuracy does not 
occur even if a data symbol interval is used for SIR 35 
measurement Accordingly, not only a high degree of 
accuracy of an SIR can be maintained even in a fast fad- 
ing environment, but also SIR measurement can be per- 
formed with a smaller amount of delay, and as a result, 
the transmission power control characteristic can be 40 
improved. 

Further, an output (temporary decision value) of the 
hard decision circuit 1 5 is divided at the multipliers 1 6 so 
that it may thereafter be processed along paths for the 
individual delayed waves, and each of the multipliers 1 6 45 
shown in FIG. 3 multiplies the output of the hard deci- 
sion circuit 15 by an output (estimated channel value) of 
the corresponding channel estimation circuit 12. An out- 
put of the multiplier 16 is connected to the correspond- 
ing subtracter 1 7 described below. Further, the outputs so 
of the multipliers 16 are outputted also as symbol rep- 
lica signals (hard decision results), which have been 
decomposed for the individual paths prior to re-diffu- 
sion, to the unit 1-3-i in the next stage corresponding to 
the unit 1 -2-i. Each subtracter 1 7 subtracts, from an out- 55 
put of th corresponding multiplier 16, a corresponding 
symbol replica signal produced by the preceding stage 
unit 1-1-t corresponding to the unit 1-2-i. 



Each re-diffusion processing section 18 performs 
re-diffusion processing for an output of the correspond- 
ing subtracter 17. The signal composition section 19 
performs composition of outputs of the re-drffusion 
processing sections 18. An output of the signal compo- 
sition section 19 is outputted as an interference replica 
signal to the subtracter 2-2. 

Consequently, the subtracter 2-2 subtracts interfer- 
ence replica signals from the individual users from an 
output of the delay circuit 5-2 and outputs a result of the 
subtraction to the next stage, that is, to the third stage. 

Accordingly, in the first embodiment, received pow- 
ers (S) and interference powers (I) can be separated 
with certainty from a received signal by repetitively sub- 
tracting interference replica signals produced from input 
signals originating from the received signal from the 
received signal in each stage. Further, since the trans- 
mission powers of the mobile stations 50 of the individ- 
ual users can be controlled so that the measured SIR 
values may be the predetermined value, a necessary 
line quality can be maintained. 

It is to be noted that the units 1-1-i, ... v 1-n-iin 
the other stages have a basically similar construction to 
that of the unit 1 -2-i except that they do not include the 
received power measurement section 20. Further, the 
adder 1 1 and the subtracter 1 7 need not be provided in 
the first stage interference replica production units 1-1 
since the first stage interference replica production units 

1- 1 does not receive symbol replica signals as inputs 
thereto. However, where the adder 1 1 and the subtrac- 
ter 1 7 are provided otherwise, they add and subtract "0*. 

Further, while, in the first embodiment, the second 
stage unit 1 -2-i measures received powers, the received 
power measurement processing may alternatively be 
performed by the first stage unit 1-1 -i. 

In the radio communication system 110 to which 
the SIR measuring apparatus 120 according to the first 
embodiment of the present invention having the con- 
struction described above is applied, when a signal from 
each mobile station 50 is received, the received signal is 
inputted to the delay circuit 5-1 and the first stage inter- 
ference replica production unit 1-1 in the interference 
canceller 61 as seen in FIGS. 1 and 2. 

Thereafter, an interference replica signal and a 
symbol replica signal for each user are produced by the 
unit 1 -1-i of the first stage interference replica produc- 
tion unit 1-1, and all of the interference replica signals 
produced for the individual users are outputted to the 
subtracter 2-1. Then, the interference replica signals 
are subtracted from an output of the delay circuit 5-1 by 
the subtracter 2-1, and a result of the subtraction 
processing is outputted as a residual signal from the 
subtracter 2-1 to the units 1-2-i of the second stage 
interference replica production units 1-2. Meanwhile, 
also the symbol replica signals from the individual units 
1 - 1 -i are outputted to corresponding ones of th units 1 - 

2- i of the second stage interference replica production 
unit 1-2. 
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Further, in the second stage, when the residual sig- 
nal from the subtracter 2-1 in the preceding stage is 
inputted, interference replica signals and symbol replica 
signals are produced similarly by th individual units 1 - 
2-i of the interference replica production unit 1-2, and 
received powers (S) of the individual users are detected 
by the received power measurement sections 20. 

The processing of the interference replica produc- 
tion units 1 -2 in this instance is described below with ref- 
erence to FIG. 3. 

In particular, in the unit 1-2-i, the inverse diffusion 
processing sections 10 perform inverse diffusion 
processing for signals (interference replica signals) from 
the first stage interference replica production unit 1-1 
obtained through the subtracter 2-1 , and the adders 1 1 
add the thus inverse diffusion processed signals and 
symbol replica signals from the unit 1 -1 -i corresponding 
to the unit 1-2-i, whereafter the channel estimation cir- 
cuits 12 estimates transmission line channels. 

Thereafter, the multipliers 13 multiply outputs of the 
adders 11 by a complex conjugate to the estimated 
channel value, and the RAKE composition section 14 
performs maximum ratio composition. Then, the 
received power measurement section 20 measures 
received powers (S) from the maximum ratio composi- 
tion output of the RAKE composition section 14 by 
square mean calculation and outputs the thus meas- 
ured received powers (S) to the SIR calculation section 
62. 

In the meantime, the output of the RAKE composi- 
tion section 14 is temporarily decided by the hard deci- 
sion circuit 15, and the temporarily decided signal and 
the estimated channel values from the channel estima- 
tion circuit 12 are multiplied by the multipliers 16. Then, 
resulting values are outputted as symbol replica signals 
to the third stage interference replica production unit * - 
3. 

Further, the subtracters 17 subtract the symbol rep- 
lica signals from the first stage from the outputs of the 
multipliers 16, and the re-diffusion processing sections 
18 perform re-diffusion processing for outputs of the 
subtracters 17. Then, outputs of the re-diffusion 
processing sections 18 are composed by the signal 
composition section 19 and outputted as an interfer- 
ence replica signal to the subtracter 2-2. 

Thereafter, the subtracter 2-2 receives the interfer- 
ence replica signal from the subtracter 2-1 after it is 
delayed by the delay circuit 5-2 and receives interfer- 
ence replica signals from the units 1-2-1 to 1-2-n corre- 
sponding to all users. Then, the subtracters 2-2 
subtracts a sum total of the interference replica signals 
from the units 1-2-1 to 1-2-n from the interference rep- 
lica signal from the subtracter 2-1 and outputs a result- 
ing value as a residual signal to the third stage 
interference replica production unit 1-3. 

Further, the interfer nee power measurement sec- 
tion 3 detects interference powers (I) based on the 
residual signal outputted from the subtracter 2-2 and 



outputs the interference powers (I) to the SIR calcula- 
tion section 62. Thereafter, the SIR calculation section 
62 measures Si ratio information of the individual users 
from the received powers (S) from the received power 

5 measurement section 20 and the interference powers (I) 
from the interference power measurement section 3. 

The comparison circuit 65 compares the SIR values 
measured by the SIR calculation section 62 described 
above with an aimed SIR value and transmits a result of 

10 the comparison through the transmission frame produc- 
tion section 64 to effect transmission power control of 
each mobile station 50. 

Further, also in each of the third and following 
stages, similarly as in the stage described above, inter- 

is ference replica signals produced from input signals orig- 
inating from the received signal are repetitively 
subtracted from the received signal. Then, the receiver 
4 as the last stage performs inverse diffusion process- 
ing for interference replica signals from the last stage 1 - 

20 n, and the decoder 63 decodes signals of the individual 
users from the mobile stations 50. 

Here, a detailed corroborative example (simulation) 
of the function of the SIR measuring apparatus 120 of 
the first embodiment described above is described. In 

25 the simulation, closed loop control wherein the trans- 
mission powers of the mobile stations 50 are controlled 
with a step of a slot period ±1 dB so that the measured 
SIR values may become equal to the aimed SIR set in 
advance is performed. It is to be noted that the simula- 

30 tion is performed based on such various elements as 
illustrated in FIG. 4, and here, the number of users is set 
to 32. 

Further, in a system of the simulation, a multi-stage 
type interference canceller of three stages is used, and 

35 two interference replica production units 1 - 1 and 1 -2 are 
connected in tandem while a receiver 4 is provided in 
the third stage (last stage) next to the stage of the inter- 
ference replica production unit 1 -2. 

Further, SIR values are measured based on 

40 received powers (S: signal power information) obtained 
by averaging signal powers after RAKE composition by 
the second stage interference replica production unit 1- 
2 over one slot and interference powers (I: interference 
power information) obtained by averaging a residual sig- 

45 nal similarly over one slot. 

Furthermore, since channel estimation by the inter- 
ference replica production unit 1-i is performed using a 
pilot symbol at a leading end of a slot, a processing 
delay of only several symbols is provided up to the sec- 

so ond stage, but since the receiver 4 in the last stage per- 
forms channel estimation with a high degree of 
accuracy using also a pilot symbol at a trailing end of 
the slot, a delay longer than 1 slot is caused. 

In particular, when a received power (S) is meas- 

55 ured by the interference replica production unit 1-2 in 
the second stage, a delay (TPC delay) caused by trans- 
mission power control is 1 Tp (Tp: pilot period), and 
when the received power (S) is measured by the 
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receiver 4 in the last stage, the TPC delay is 2 Tp. 

FIG. 5 illustrates TPC errors and SIR control errors 
with respect to the normalized fading frequency (fdTp) 
and indicates characteristics ("O ". ") wn &re the 
TPC delay is 1 Tp and characteristics ") where 

the TPC delay is 2 Tp when the SIR measuring appara- 
tus 120 of the construction of the third stage shown in 
FIG. 2 is used and characteristics ("a "A ") when the 
SIR measurement technique described hereinabove 
with reference to FIG. 10 is used. 

It is to be noted that the TPC errors (refer to an 
arrow mark A of FIG. 5) denote standard deviations of 
the received powers from an ideal TPC, and the SIR 
control errors (refer to another arrow mark B of FIG. 5) 
denote standard deviations of the received SIR from an 
aimed SIR. 

Where the SIR measurement technique described 
hereinabove with reference to FIG. 10 was employed, 
an SIR was measured using a mean value of a received 
signal after RAKE composition by the second stage 
interference replica production unit 1-2 over one slot 
interval as a received power (S) and using a diffusion as 
an interference power (I). Further, for the individual 
cases, calculation was performed setting the aimed SIR 
so that the average error rate might be 1 x 10* 3 when 
fdTp is 0.05. 

As a result, it was found that the TPC error and the 
SIR control error exhibit superior values where the SIR 
measuring apparatus 120 having the 3 stage construc- 
tion shown in FIG. 3 is used and the TPC delay is set to 
1 Tp ("O ". "• "). and consequently, it can be said that 
the conditions in this instance can be applied to a fast 
fading environment. Accordingly, from this result of the 
simulation, it is apparent that reduction in transmission 
power cani>e achieved by decreasing the delay time. 

In this manner, according to the first embodiment of 
the present invention, since interference powers (I) are 
detected based on signals obtained by subtracting, from 
a received signal, interference replica signals produced 
by the interference canceller 61 for removing interfer- 
ence between diffusion codes while received powers 
(S) are detected based on signals obtained by perform- 
ing inverse diffusion processing for signals originating 
from the received signal and consequently the interfer- 
ence powers (I) and the received powers (S) can be 
detected separately from each other, there is an advan- 
tage that the accuracy in measurement of an SIR can 
be improved. 

Further, according to the present invention, since 
the accuracy of SIR values is improved by calculating 
the SIR values from interference powers (I) and 
received power (S) obtained from outputs of the interfer- 
ence canceller 61 , there is an advantage that the trans- 
mission powers of the mobile stations 50 can be 
controlled using the SIR values and, also in a noise 
environment or an inter-station interference condition 
when a large number of users communicate at a time, 
improvement in transmission power control characteris- 



tic can be achieved while maintaining a necessary line 
quality. 

Furthermore, according to the present invention, 
since received powers (S) can be detected based on 

5 signals, for which inverse diffusion processing has been 
performed, obtained in an intermediate processing 
stage of the interference replica production units H 
even if a data symbol interval is used for SIR measure- 
ment a significant deterioration in accuracy does not 

10 occur, and even in a fast fading environment a high 
degree of accuracy in measurement of an SIR can be 
maintained. Accordingly, SIR measurement can be per- 
formed with a reduced amount of delay, and as a result, 
the transmission power control can follow up such a fast 

T5 fading environment as described above. 

b. Second Embodiment of the Invention 

FIG. 6 shows in block diagram a construction of a 
20 signal to interference power ratio measuring apparatus 
according to a second preferred embodiment of the 
present invention. As the signal to interference power 
ratio measuring apparatus (SIR measuring apparatus) 
130 shown in FIG. 6 includes an interference canceller 
25 61A and an SIR calculation section 62. 

The interference canceller 61 A includes, similarly 
as in the first embodiment described hereinabove, inter- 
ference replica production units 1-1. subtracters 2-i, an 
interference power measurement section 3A, a receiver 
m 4A and delay circuits 5-i. In particular, also each of the 
interference replica production units 1-i in the present 
second embodiment includes a number of. for example, 
such units 1-1 -i, .... 1 -n-i as shown in FIG. 7 equal to the 
number of users which can be accommodated in the 

6 base station 60. 

The units 1-1-i 1-n-i shown in FIG. 7 are similar 

in construction and function to the interference replica 
production units 1 -2 shown in FIG. 3 except that they do 
not include the received power measurement section 20 

40 which is provided between the RAKE composition sec- 
tion 14 and the hard decision circuit 15 in the interfer- 
ence replica production unit 1-2 of FIG. 3. 

The interference power measurement section 3A 
detects interference power information (I) from outputs 

45 of the subtracter 2-i. Particularly, in the interference can- 
celler 61 A shown in FIG. 6, the interference power 
measurement section 3A detects interference power 
information from an output of the subtracter 2-n in the 
nth stage (last stage). 

so The receiver (reception section) 4A receives, as 
input signals thereto, outputs (residual signals) of the 
subtracter 2-n provided on the output side of the inter- 
ference replica production unit 1-n in the nth stage (last 
stage) and performs inverse diffusion processing for the 

55 residual signals, and is provided as the last stage of the 
interference canceller 61A. Outputs of the receiver 4A 
are outputted to and decoded by the decoder 63. 
Also the receiver 4A includes a number of reception 
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units 4A-1 to 4A-n (Rec users) equal to the number of 
users. Each of the reception units 4A-1 to 4A*n 
includes, as shown in FIG. 8, inverse diffusion process- 
ing sections 10, adders 11, channel estimation circuits 
12, multipliers 13. a RAKE composition section 14 and 5 
a received power measurement section 21. K is to be 
noted that description of common or similar compo- 
nents in the second embodiment to those in the first 
embodiment is omitted here to avoid redundancy. 

The received power measurement section (signal 10 
power detection section) 21 detects received powers 
(S) based on signals, for which inverse diffusion 
processing has been performed, obtained in the 
receiver 4A and particularly detects received powers (S) 
from an output of the RAKE composition section 14. In is 
particular, in the second embodiment, the received 
power measurement section 21 is provided in the 
receiver 4A, and received powers (S) detected by the 
received power measurement section 21 are outputted 
to the SIR calculation section 62. 20 

More particularly, in the interference replica produc- 
tion units 1-i of the interference canceller 61 A, as the 
stages are passed successively, signal components are 
decomposed from a residual signal (the interference 
power I decreases), and consequently, received signal 25 
components can be detected with a higher degree of 
accuracy (the signal power S increases). Accordingly, 
from the interference canceller 61 A in the second 
embodiment, a very accurate interference signal com- 
ponent can be obtained. 30 

Consequently, in the second embodiment, the inter - 
ference power measurement section 3A measures 
interference powers (0 and measures received powers 
(S) from the received power measurement section 21 of 
the receiver 4A, and then measures SI ratios from the 35 
interference powers and the received powers. 

In the SIR measuring apparatus 130 according to 
the second embodiment of the present invention having 
the construction described above, if signals from the 
mobile stations 50 are received, then interference rep- 40 
iica signals and symbol replica signals are produced 
from the received signals by the interference replica 
production units 1 -i, delay circuits 5-i and subtracters 2- 
i installed in the ith stages in the interference canceller 
61 A. 45 

Then, interference powers (I) are detected from 
interference replica signals outputted from the nth stage 
by the interference power measurement section 3A in 
the last stage, and received powers (S) are detected 
from the interference replica signals and the symbol 50 
replica signals described above by the receiver 4A. It is 
to be noted that the other outputs of the receiver 4A are 
outputted to the decoder 63 so that the signals from the 
individual users are decoded. 

Thereafter, the interference powers (I) and the ss 
received powers (S) detected by the interference can- 
celler 61 A are outputted to the SIR calculation section 
62, by which SI ratios of the individual users are meas- 



ured. 

In this manner, with the second embodiment of the 
present invention, since received powers (S) and inter- 
ference powers (I) can be separated with certainty from 
a received signal by repeating the processing of detect- 
ing signals of all users from the received signal and sub- 
tracting all of the thus produced interference replica 
signals from the received signal, the SIR measurement 
accuracy can be improved remarkably, and conse- 
quently, the accuracy in transmission power control for 
the mobile stations 50 can be improved remarkably, c. 
Others 

While the numbers of stages of the interference 
canceller 61 or 61 A and the number (n) of users in the 
embodiments described above in detail are made equal 
to each other, the numbers need not necessarily be 
made equal to each other, and they may naturally be 
varied in accordance with conditions for installation and 
so forth. 

Further, while the embodiments described in detail 
above include a parallel type interference canceller 
which processes signals of a plurality of users simulta- 
neously, the present invention can be applied also to an 
interference canceller of the serial type which performs 
interference removing processing serially in order 
beginning with a user which exhibits a comparatively 
high reception level or an interference canceller of the 
type which includes a combination of interference can- 
cellers of the serial type and the parallel type. 

The present invention is not limited to the specifi- 
cally described embodiment, and variations and modifi- 
cations may be made without departing from the scope 
of the present invention. 

Claims 

1. A signal to interference power ratio measuring 
apparatus for an apparatus which processes a 
received signal received based on a CDMA com- 
munication system, which comprises: 

a plurality of interference replica signal produc- 
tion sections (1 -1 to 1 -n) for performing inverse 
diffusion processing for input signals originat- 
ing from the received signal, performing tempo- 
rary decision of information symbols regarding 
the input signals, performing diffusion process- 
ing again for the input signals after the tempo- 
rary decision and outputting resulting signals of 
the diffusion processing as interference replica 
signals; 

a plurality of subtracters (2-1 to 2-n) for sub- 
tracting the interference replica signals pro- 
duced by said interference replica signal 
production sections (1-1 to 1-n) from the 
received signal; 

an interference power detection section (3) for 
detecting interferenc power information from 
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outputs of said subtracters (2-1 to 2-n); 
a signal power detection section (20) for detect- 
ing signal power information based on the sig- 
nals which originate from the received signal 
and for which the inverse diffusion processing s 
has been performed; and 
a signal to interference power ratio calculation 
section (62) for calculating signal to interfer- 
ence power ratios from the interference power 
information detected by said interference 10 
power detection section (3) and the signal 
power information detected by said signal 
power detection section (20). 

2. A signal to interference power ratio measuring 15 
apparatus as set forth in claim 1, characterized in 
that said signal power detection section (20) 
detects signal power information based on signals 
which are obtained in an intermediate processing 
stage of said interference replica signal production 20 
sections (1 -1 to 1 -n) and for which inverse diffusion 
processing has been performed. 

3. A signal to interference power ratio measuring 
apparatus as set forth in claim 1, characterized in zs 
that said signal power detection section (20) 
detects signal power information based on signals 
obtained by inverse diffusion processing for the out- 
puts of said subtracters (2-1 to 2-n). 

30 

4. A signal to interference power ratio measuring 
apparatus for a base station which processes a 
received signal received based on a CDMA com- 
munication system, characterized in that it com- 
prises: 35 

a plurality of interference replica signal produc- 
tion sections (1 -1 to 1 -n) provided in tandem for 
performing inverse diffusion processing for 
input signals originating from the received sig- 40 
nal, performing temporary decision of informa- 
tion symbols regarding the input signals, 
performing diffusion processing again for the 
input signals after the temporary decision and 
outputting resulting signals of the diffusion 4s 
processing as interference replica signals; 
a plurality of subtracters (2-1 to 2-n) each pro- 
vided on the output side of a corresponding 
one of said interference replica signal produc- 
tion sections (t-1 to 1-n) for subtracting the so 
interference replica signals produced by said 
interference replica signal production sections 
(1-1 to 1-n) from the received signal for which 
delaying processing has been performed; 
an interference power detection section (3A) 55 
for detecting interference power information 
from outputs of said subtracters (2-1 to 2-n); 
a signal power detection section (21) for detect- 



ing signal power information based on signals 
which are obtained in an intermediate process- 
ing stage of an arbitrary one of said interfer- 
ence replica signal production sections (1-1 to 
1-n) and for which the inverse diffusion 
processing has been performed; and 
a signal to interference power ratio calculation 
section (62) for calculating signal to interfer- 
ence power ratios from the interference power 
information detected by said interference 
power detection section (3A) and the signal 
power information detected by said signal 
power detection section (21). 

A signal to interference power ratio measuring 
apparatus for a base station which processes a 
received signal received based on a CDMA com- 
munication system, characterized in that it com- 
prises: 

a plurality of interference replica signal produc- 
tion sections (1-1 to 1 -n) provided in tandem for 
performing inverse diffusion processing for 
input signals originating from the received sig- 
nal, performing temporary decision of informa- 
tion symbols regarding the input signals, 
performing diffusion processing again for the 
input signals after the temporary decision and 
outputting resulting signals of the diffusion 
processing as interference replica signals; 
a plurality of subtracters (2-1 to 2-n) each pro- 
vided on the output side of a corresponding 
one of said interference replica signal produc- 
tion sections (1-1 to 1-n) for subtracting the 
interference replica signals produced by said 
interference replica signal production sections 
(1-1 to 1-n) from the received signal for which 
delaying processing has been performed; 
a reception section (4A) for receiving an output 
of one of said subtracters (2-1 to 2-n) in the last 
stage as an input signal thereto and performing 
inverse diffusion processing for the input sig- 
nal; 

an interference power detection section (3A) 
for detecting interference power information 
from the output of the one of said subtracters 
(2-1 to 2-n) in the last stage; 
a signal power detection section (21) for detect- 
ing signal power information based on the sig- 
nal obtained by said reception section (4A); 
and 

a signal to interference power ratio calculation 
section (62) for calculating signal to interfer- 
ence power ratios from the interference power 
information detected by said interferenc 
power detection section (3A) and the signal 
power information detected by said signal 
power detection section (21). 
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6. A signal to interference power ratio measuring 
method for an apparatus which processes a 
received signal received based on a CDMA com- 
munication system, characterized in that 

5 

interference power information is detected 
based on signals obtained by subtracting, from 
the received signal, interference replica signals 
produced by an interference canceller for 
removing interference between diffusion 10 
codes, and 

signal power information is detected based on 
signals obtained by performing inverse diffu- 
sion processing for signals originating from the 
received signal, whereafter is 
signal to interference power ratios are calcu- 
lated from the interference power information 
and the signal power information. 

7. A transmission power controlling method for a 20 
CDMA communication system used for communi- 
cation between a base station and a plurality of 
mobile stations, characterized in that 

said base station detects interference power 25 
information based on signals obtained by sub- 
tracting, from a received signal received by 
said base station, interference replica signals 
produced by an interference canceller for 
removing 'interference between diffusion so 
codes, and 

detects signal power information based on sig- 
nals obtained by performing inverse diffusion 
processing for signals originating from the 
received signal, and then 35 
calculates signal to interference power ratios 
from the interference power information and 
the signal power information, whereafter 
said base station controls transmission powers 
of said mobile stations so that the signal to ao 
interference power ratios may have a predeter- 
mined value. 
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